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SNovel Materials Containing Single-Wall Carbon Nanotubes 
Wrapped in Polymer Molecules 

Coating carbon nanotubes in polymer molecules creates a new class of materials with enhanced 
mechanical properties for printed circuit boards, antenna arrays, and optoelectronics. 

Lyndon B. Johnson SpaceCenter, Houston, Texas 


In this design, singie-waii carbon nan- 
otubes (SWNTs) have been coated in 
poiymer moiecuiesto create a new type 
of materiai that has iow eiectricai con- 
ductivity, but stiii contains individuai 
nanotubes, and smaii ropesof individuai 
nanotubes, which are themseives good 
eiectricai conductors and serve as smaii 
conducting rods immersed in an eiectri- 
caiiy insuiating matrix. The poiymer is 
attached through weak chemicai forces 
that are primariiy non-covaient in na- 
ture, caused primariiy through poiariza- 
tion rather than the sharing of vaience 
eiectrons. Therefore, the eiectronic 
structure of the SWNT invoived is sub- 
stantiaiiy the same as that of free, indi- 
viduai (and smaii ropesof) SWNT. Their 
high conductivity makes the individuai 
nanotubes extremeiy eiectricaiiy poiariz- 
abie, and materiais containing these in- 
dividuai, highiy poiarizabie moiecuies 
exhibit novei eiectricai properties in- 
ciuding a high dieiectric constant. 

The poiymer coating, however, 
greatiy inhibits the Van der Waais at- 
traction normaiiy observed between 
separate, or smaii ropesof, SWNT. The 
poiymer coating aiso interacts with soi- 
vents. The combination of the Van der 
Waais inhibition and the poiymer-soi- 
vent interaction causes the wrapped 
nanotubes to be more readiiy sus- 


pended in soivents at high concentra- 
tions, which in turn substantiaiiy en- 
abies the manipuiation of SWNT into 
many kinds of buik materiais inciuding 
fiims, fibers, soiids, and other types of 
composites. Aiso, the poiymer-coated 
SWNT can be treated for the removai of 
the poiymer moiecuies, restoring the 
SWNT to a pristine state. 

Aggregations of the poiymer-coated 
SWNT are substantiaiiy aiigned and pro- 
vide a new form of eiectricaiiy-conduct- 
ing rod composite, where the conduct- 
ing rods have cross sectionai dimensions 
on the nanometer scaie and iengths of 
hundreds of nanometers or more. The 
eiectricai properties of the composite 
are highiy anisotropic. 

This innovation can be made com- 
patibie with matrices of other materiais 
to faciiitate fabrication of composites. 
Composite materiais with poiymer- 
coated SWNTs suspended in a poiymer 
matrix have a novei structure of a sus- 
pended nanotube being smaiier in its 
cross-sectionai dimensions than the 
typicai scaie iength of the individuai 
poiymer moiecuies in the matrix. This 
microscopic, dimensionai compatibii- 
ity minimizes the propensity of the 
composite to faii mechanicaiiy at the 
interface between the matrix and the 
SWNT, producing a composite materiai 


with enhanced properties such as 
strain-to-faiiure, toughness, and resist- 
ance to mechanicai fatigue. These ma- 
teriais aiso serve as the active eiement 
for a range of transducers because they 
can change their physicai dimensions 
in response to appiied eiectric and 
magnetic fieids. If treated with certain 
chemicais, the materiai can aiso 
change dimensionaiiy and eiectroni- 
caiiy in response to adsorption of 
chemicais on the nanotube surface, 
and can serve as chemicai sensors 
and transducers. 

T his work was done by Richard E. Smaii^ 
and Michael j. O’Conneli of Rice University 
and Kenneth Smith and Daniel T. Colbert of 
Carbon Nanotechnologies, inc. for Johnson 
SpaceCenter. For further information, contact 
the JSC innovation Partnerships Office at 
(281) 483-3809. 

in accordance with Pubiic Law 96-517, 
the contractor has elected to retain tide to this 
invention, inquiries concerning rights for its 
commerdai useshouid be addressed to: 
Wiiiiam M . Rice University 
Office of Technoiogy Transfer 
6100 M ain Street 
Houston, TX 77005 
Phone No.: (713) 348-6188 
Refer to M SC-24070-1, voiumeand number 
of this NASA Tech Briefs/'ssue and thepage 
number. 


S Light-Curing Adhesive Repair Tapes 

Adhesive resins in tapes are rigidized in place by exposure to light. 
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Adhesive tapes, the adhesive resins 
of which can be cured (and thereby 
rigidized) by exposure to uitravioiet 
and/or visibie iight, are being devei- 
oped as repair patch materiais. The 
tapes, inciuding their resin compo- 
nents, consist entireiy of soiid, iow-out- 
gassing, nonhazardous or minimaiiy 


hazardous materiais. They can be used 
in air or in vacuum and can be cured 
rapidiy, even at temperatures as iow as 
-20 °C. Aithough these tapes were orig- 
inaiiy intended for use in repairing 
structures in outer space, they can aiso 
be used on Earth for quickiy repairing 
a wide variety of structures. They can 


be expected to be especiaiiy usefui in 
situations in which it is necessary to 
rigidize tapes after wrapping them 
around or pressing them onto the parts 
to be repaired. 

As now envisioned, when fuiiy devei- 
oped, thetapeswouid betaiiored to spe- 
cific appiications and wouid be pack- 
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